Background: Telephone nursing is the first line of contact for many care-seekers and aims at optimizing the performance of the healthcare system by supporting and guiding patients to the correct level of care and reduce the amount of unscheduled visits. Good statistical models that describe the effects of telephone nursing are important in order to study its impact on healthcare resources and evaluate changes in telephone nursing procedures. Objective: To develop a valid model that captures the complex relationships between the nurse's recommendations, the patients' intended actions and the patients' health seeking behavior. Using the model to estimate the effects of telephone nursing on patient behavior, healthcare utilization, and infer potential cost savings. Methods: Bayesian ordinal regression modeling of data from randomly selected patients that received telephone nursing. Inference is based on Markov Chain Monte Carlo (MCMC) methods, model selection using the Watanabe-Akaike Information Criteria (WAIC), and model validation using posterior predictive checks on standard discrepancy measures.
Introduction
Later year's increased patient strain on the healthcare system has increased the focus on efficiency improvements within the healthcare system. Increasing healthcare costs as well as a continuous rise in emergency department consultations for inappropriate and non-urgent conditions represent an incitement to treat illnesses at the correct level of care [1] . The number of visits to the Swedish emergency departments in Stockholm are increasing by 4.5% annually. Not only the emergency departments are experiencing an increased strain, visits to the out-of-hours clinics and primary care clinics have increased with 6.1% and 3.1% respectively [2] . This is a phenomenon that is not unique for Sweden, but can be seen in other western countries as well with up to a 40% increase in primary care consultations during the last 20 years [3, 4, 1] .
For many care-seekers, the first line of contact with healthcare services is the Swedish Healthcare Direct (SHD). The SHD is an on-call telephone nursing service similar to the NHS Direct in the UK, LINK in Canada and Health Direct in Australia. Telephone nursing is a common work procedure for nurses in primary care, and is described by [5] as performing medical assessments over the telephone, while at the same time providing care with the aim of supporting, strengthening and teaching the callers and guiding care-seekers to the correct level of care. The nursing care provided is based on the caller's individual needs, and the level of care that is recommended to the callers depends on the nature of and the urgency of their symptoms. A computerized decision support tool aids the nurse in making medical assessments, and provides a shared basis for medical decisions regardless of the nurse's experience and skills and independent of geographical location, socio-economics or other demographic factors. The system is symptom-based and designed as a checklist where questions relating to the callers symptoms is suggested, and level of urgency is indicated to the nurse [6] . Through a reduction of the amount of unscheduled visits, the aim of telephone nursing from an economical point of view is to improve planning and making more efficient use of healthcare resources [7] . But telephone nursing has been found to be highly beneficial for the caller as well in terms of receiving better information, saving time and costs as well as reducing anxiety levels [8] . In addition to the benefits above, telephone nursing has presented many nurses with new and exciting opportunities within healthcare services and many of them enjoy their work and feel that they are offering a worthwhile service [9] .
Telephone nursing has been found to be a medically secure and cost-effective form of care, with recommendations assessed as medically adequate in 97.6% of the cases [7] and with compliance rates ranging from 81.3% [7] to 91% [10] . Between 30-50% of the calls result in self-care advice [10, 7, 11] . Previous research has also found that care-seekers are highly satisfied with this service. However, care-seekers that receive a recommendation to practice self-care are less satisfied than those referred to medical care, indicating that their needs of care are not fully met [11] .
Modeling the effects of telephone nursing is an important tool in evaluating telephone nursing's effect on healthcare utilization, as well as enabling the evaluation of possible changes in telephone nursing services. A valid model that describes the effect of the nurse's recommendation in relation to patients' intended actions prior to consultation allows us to understand and evaluate different effects in detail. It also enables us to make predictions about reductions in healthcare costs. Earlier research [11] has found that telephone nursing does not always meet care-seekers needs of care. This underlines the importance of continuously working to improve services so that they answer to the needs of the care-seekers.
The aim of the study was to model the effects of telephone nursing. First, we wanted to find the model that best describes the effects of telephone nursing. From this model we then wanted to make inference about patient and the effects of telephone nursing with regards to healthcare utilization and potential cost savings.
Materials and methods
In this study a model was developed and validated based on data collected in a cross-sectional study that aimed at exploring the influence of self-care advice on patient satisfaction [11] . The setting of the study was the Swedish Healthcare Direct (SHD) in Northern Sweden. Northern Sweden is a large but sparsely populated area with long distances between inhabitants, hospitals and service providers. Data were collected using a questionnaire that was a further development from an existing evaluation of patient satisfaction and healthcare utilization among callers to the SHD, and details regarding the construction and content of the questionnaire has earlier been published in [11] .
With minor changes to SHD procedures, similar data could be retrieved directly from the SHD logs (in the computerized decision support tool) in combination with patients' medical records. This means that the same model is applicable on a much larger scale, providing a national evaluation tool of the effect of SHD on healthcare utilization.
The items in the questionnaire that generated data to the model development was "What was your intended action prior to telephone nursing consultation?"; "What action did you undertake after telephone nursing consultation?" and "What was the nurse's recommendation?". Four increasing levels of care were proposed and coded as follows: 0=self-care; 1=primary care clinic; 2=out-ofhours clinic and 3=emergency department.
Eligibility criteria was all callers to the SHD in Northern Sweden during one week in the winter of 2014. A sample size calculation in [11] indicated that the dispatch of 500 questionnaires would generate sufficient data. The questionnaire was dispatched to 500 randomly selected callers to the SHD, and study participants were selected using randomization lists from the SHD registers. All questionnaires were dispatched within 8 days of the call to the SHD, and were returned within 28 days of dispatch. If the respondents had made more than one call to the SHD during this week they were asked to reply regarding their last call to minimize the risk of recollection bias. Five questionnaires were returned unopened because of wrong address, and two study participants had deceased after the call. In total 225 persons returned a completed questionnaire, giving a response rate of 45.6%. The study sample consisted of 69.3% women and 30.7% men, reflecting well the proportions of callers to the SHD. The mean age in the sample was 48.15 years, ranging from 17-93 years. The majority of respondents were born in Sweden (93.3%) and cohabiting (79.9%), and the study sample displayed a good representation of the general population in Northern Sweden (Table 1 ). The number of callers referred to the different levels of care was 75 (33.3%) to self-care, 64 (28.4%) to primary care; 40 (17.8%) to out-of-hour clinic and 53 (23.6%) to the emergency department. The complete dataset used in this study, i.e. number of individuals in each category and their corresponding explanatory variables, is retrievable from Fig. 2 .
The outcomes in this study are patient behavior, effects on health care utilization and potential cost savings. The predicted variable is patient's action undertaken after receiving telephone nursing and the explanatory variables are intended actions prior to consultation and the nurse's recommendation.
Even though the number of explanatory variables are limited, standard ordered-logit and ordered-probit regression models [13, 14] result in invalid descriptions of the observations in our study and fail the model validation step (described in Section 3.1.1). If a model is not able to describe the observed data, then inference based on the model is questionable. Instead, a more flexible Bayesian ordinal regression model is proposed to describe the effects of telephone nursing on the level of care finally chosen by the caller after the consultation. The main reasons for applying Bayesian analysis are: (i) to easily generalize standard models of ordinal data [13, 14, 15] (ii) to avoid non-identifiability problems in ordinal regression (e.g. separation and collinearity) by incorporating weakly informative priors proposed by [16] ; (iii) to provide richer inference and avoid the common problems (e.g. dependencies on the sampling and testing intentions) associated with p-values [17] ; (iv) to make direct probability statements about the effect given the observed evidence [18] (e.g. the studied effect given the observed data is inside the confidence interval with a measurable probability).
The Bayesian ordinal regression model is a generalization of the more commonly used ordered-logit and orderedprobit regression models and adds the necessary flexibility to obtain a valid description of the observed data in this study. The considered model follows [13] for ordinal regression and include the following two necessary extensions to the standard logit and probit models: heterogeneous standard deviation, and additional robustness against outliers to account for possible contamination described next. These extensions are also suggested in [13] for robust logistic-and ordinal regression.
Data were analyzed using the statistical packages for scientific computing with Python [19, 20] . The inference is based on Markov Chain Monte Carlo methods [14, 13, 21] and calculated from 100,000 samples from the posterior distribution (after burn-in) with converged chains. The confidence intervals are here based on the highest posterior density interval [13] .
Results
The data and the results from the ordinal regression can be seen in Fig. 1 . The horizontal axis represents the intended action prior to consultation (x 1 ) and the vertical axis represents the nurse's recommendation (x 2 ), both categorized into the four levels of care marked by the dotted grid. The levels are defined as 0=self-care; 1=pri-mary care clinic; 2=out-of-hours clinic and 3=emergency department. The scatter plot with color-coded numbers (0-3) shows the level of care finally chosen by each caller after receiving telephone nursing (y), for the same levels of care as the explanatory variables (x 1 and x 2 ). For visualization purposes, the numbers are randomly scattered around their corresponding categorical integer coordinates marked by the dotted grid.
The model
The model can be summarized by the dependent variable y i , which is the ith patient's action undertaken after receiving telephone nursing, and its two explanatory (or input) variables: x i1 the ith patient's intended action prior to receiving telephone nursing; x i2 the nurse's recommendation given to the ith patient. The data (i.e. y i , x ij for i = 0, . . . , 224 patients and j = 1, 2 explanatory variables) is categorized into the four increasing levels of care defined earlier. We summarize the model in three parts below. The first part is devoted to the regression model, while the second and third parts deals with the proposed extensions to the standard ordered-logit and ordered-probit models.
• Part I: The mean utilized care (on the underlying metric scale) is given by a second order polynomial
and is the result after the model order selection procedure, described in Section 3.1.3.
The standard ordered-logit or ordered-probit alternative assumes that the independent errors follow either a logistic or a normal distribution, respectively, [13, 14] . However, neither distributions are flexible enough to describe the observed data in this study. Two necessary extensions to the description of the independent errors are proposed here that when combined lead to a valid description of the observations:
• Part II: A single distribution for the error term is replaced with a mixture model of two distributions with different scales to account for outliers, following the recommendations in [13] for robust logistic-and ordinal regression. Other alternatives to increase the robustness to extreme values are available [see e.g. 14, 13] but we choose the mixture model for simplicity and also for clarity as it gives a measure of the departure from the standard ordered-probit model.
• Part III: We also need to abandon a single common standard deviation. Instead, four different standard deviation parameters, one for each category of intended action prior to consultation, are introduced to obtain a valid description. We motivate this particular choice in Sections 3.1.3 and 3.2. Intended action prior to telephone nursing (
030 00 0 00 0030001 01 00000 0 00 00000 000 0000 0 0 00 0 0 00 000 0000 0 0 Figure 1 : A scatter plot of the data and the threshold curves from the ordinal regression analysis. The color-coded numbers and the numbers on the axis represent the four increasing levels of care: 0=self-care; 1=primary care clinic; 2=out-of-hours clinic and 3=emergency department. The color-coded numbers in the scatter plot show each patient's action undertaken after receiving the nurse's recommendation (yi). The horizontal axis represents the intended action prior to consultation (xi1) and the vertical axis represents the nurse's recommendation (xi2) both categorized into the four levels of care marked by the dotted grid. For visualization purposes, the numbers are randomly scattered around their corresponding categorical integer coordinates. The thin light-gray curves depict the uncertainties involved and are credible threshold curves generated using a subset of 1000 posterior samples.
In addition to providing a valid description of the observations, these extensions also contribute to interesting inferential results regarding: patient behaviour, effects of opening hours, variations in predictability, effects of perceived risks, proportion of extreme answers etc., that would otherwise not be inferred. We return to these tree parts in the subsequent sections below. A detailed model definition with the proposed extensions to the standard ordinal models is available in Appendix A.
Model validation
Model validation is a central part in justifying the model and more importantly to justify inference based on it [see e.g. 14, 15]. We try to detect flaws in the model's predictive ability following the techniques recommended in [22, 14] . In Fig. 2 , histograms based on the model's predictions are seen together with the actual data represented by the black cross. The histogram bars represents the model's predicted level of healthcare after consultation and the black box shows the 95% prediction interval. Based on the predictions (see Appendix B), there is little evidence that would indicate significant discrepancies between the proposed model and the actual observations [14] .
Error rate
The error rate, defined as the proportion of cases for which the prediction of the final action is wrong [15] , is 23.6% using the proposed model. This means that the model correctly predicts 76.4% of the patients' action undertaken after consultation, given the intended action prior to consultation and the nurse's recommendation. This can be compared to a prediction of 25% by chance and 43.1% using a model without the explanatory variables.
A complete probability description of all care levels was shown in Fig. 2 and revealed no significant discrepancies between the model predictions and the actual observations.
Model selection
The model selection step is organized in the same three parts as was introduced earlier in Section 3:
Part I: The first part is to find the appropriate combination of the explanatory variables to describe the expected level of care µ i in (1). All model structures up to the full quadratic form (i.e. second order polynomial including interactions) are evaluated and the model structure pro- posed in (1) returns the overall lowest Watanabe-Akaike Information Criteria (WAIC) [23, 24] . The use of second order terms is also motivated by examining the clustering of the data in Fig. 1 with respect to the two explanatory variables, indicating non-linear behavior for large values of x 1 and low values of x 2 .
Part II: The second part is to find the appropriate distribution to use for the error term to cope with outliers. We included outliers in the statistical model using a mixture model with a contamination parameter α adjusting the probability mass in the tails of the distribution, see Appendix A for more details. This is the first extension to the standard ordered-logit or ordered-probit model explained previously, and is needed to pass the validation steps described in Section 3.1.1. Including the contamination parameter also decreases both the error rate (Section 3.1.2) and the WAIC, indicating the need of robustness against extreme answers.
Part III: The third part is to find the appropriate combination of the explanatory variables to describe the uncertainties in the level of care (σ in Appendix A). The difference in uncertainty visible in the data in Fig. 1 at different values of the explanatory variables supports the use of a heterogeneous standard deviation model. The best predictive performance and lowest WAIC was given by using four separate standard deviation parameters, i.e. with a separate parameter σ s[i] for each class of intended action prior to consultation s[i] = x i1 . This choice reflects the differences in uncertainties and patients' risk reducing behaviors found in Section 3.2.
Inference from the model
This section starts by summarizing the model, followed by two additional subsections on healthcare utilization and cost savings.
Part I: The regression parameters β in (1) describes the effect of each explanatory variable on the utilized level of care .
The estimated effects given the observed data are summarized in Table 2 . We see a linear positive effect (β 1 ) of intended action prior to consultation (x 1 ) on the utilized level of care. The effect of the nurse's recommendation (x 2 ) is positive and quadratic and when the nurse recommend a high level of care it is the dominating in (1) and explain the top row of all trees at x 2 = 3 in Fig. 1 . From Table 2 we conclude that:
-If the intended action prior to consultation increases one care level, then the mean level of utilized healthcare increases 0.35 (on the underlying metric scale).
-If the nurse's recommendation increases:
• from self-care to primary-care, then the mean level of utilized healthcare increases 0.52 (on the underlying metric scale).
• from primary-care to out-of-hours clinic, then the mean level of utilized healthcare increases 1.24 (on the underlying metric scale).
• from out-of-hours clinic to emergency department, then the mean level of utilized healthcare increases 1.96 (on the underlying metric scale).
The relative effects on health care utilization at different combinations of x 1 and x 2 is given in Section 3.2.1. The estimated value of β 2 is credibly zero but included as it reduces the WAIC. Also, if β 3 is significant we should include lower order terms [13, 15] .
The parameter values generate the threshold curves shown in Fig. 1 and consequently also the outcome probabilities for each level of care given the values of the corresponding explanatory variables. The outcome probabilities are illustrated as histograms in Fig. 2 .
Part II: Estimates of the contamination parameter α are shown in Table 2 . As zero is outside the interval we conclude presence of extreme values in the questionnaire responses that departs from a single normal distribution. This is an additional evidence of the necessity to extend the standard ordered-logit and ordered-probit models with a mode flexible distribution of the error term.
Part III: The standard deviation parameters at different levels of intended action, shown in Table 2 , depends on the caller's intended care level prior to consultation.
The value of σ 3 is high. It seems plausible that the final action is more uncertain when the patient's intended action is the highest level of care (3=emergency department) and the recommendation is otherwise.
The value of σ 2 in Table 2 is low, indicating that opening hours affect both the intended action and the recommended action. As seen in the data in Fig. 1 , if the intended action is 2=out-of-hours clinic, it is likely that the telephone call occurred during these hours. Consequently, the intended, the recommended and the final action are more restricted with most outcomes at x 1 = x 2 = 2. This prevents the spread in outcomes over all levels of care, resulting in a lower standard deviation.
Effects on healthcare utilization
The slope of the threshold curves in Fig. 1 reveal the relative effect of the two explanatory variables and can be interpreted as follows:
-If the curves are vertical, the nurse's recommendation (x 2 ) has no effect on the final action undertaken, and the patient is guided by their intended action (x 1 ) prior to consultation only. -If the curves are horizontal, the patient's intended action prior to consultation (x 1 ) has no effect, and the patient is guided solely by the nurse's recommendation (x 2 ).
-If the curves lean with a derivative of negative one, i.e. from the upper left corners to the lower right corners in the grid, the effects of the intended action and recommended action are the same.
Overall, the threshold curves in Fig. 1 lean with a slope that is larger than negative one in Table 3 and we conclude that the nurse's recommendation is the dominating effect in the majority of the cases. The exception is when the intended action prior to calling is the emergency department (x 1 = 3), indicating that the recommendations has little or no effect compared to the intended action. A plausible explanation is that the perceived risk to follow a self-care advice (x 2 = 0) is higher, and the patient is then guided by the intended action.
From the reciprocal slope we conclude that if the recommendation is the emergency department (x 2 = 3) the effect is on average 7.09 times higher than the effect of the intended action prior to consultation. This can be compared to a recommendation of self-care (x 2 = 0) which gives a factor of 0.58 and credibly zero according to the 95% interval. The relative effect increases with the nurse's recommended care-level and a plausible explanation is that disregarding a higher-level recommendation implies a higher risk compared to disregarding lower-level recommendation.
Expressions of the derivatives are available in Appendix C.
Potential cost savings
The estimated cost savings in the analysis are based only on the direct costs associated with the first action undertaken by the patient after consultation and do not include additional savings as a result of improved planning of healthcare resources, reduction of unscheduled visits and guidance to the correct level of care. The results presented here are based on flat-rates from the county council where Table 3 : The mean value and 95% confidence interval of the derivatives of the threshold curves in Fig. 1 . Inference of the slope is given in three rows and four columns and matches the derivative of the three curves and four x1 values shown in Fig. 1, respectively . Inference of the reciprocal slope is seen at different care levels of the nurse's recommendation (x2). The predicted cost (in SEK per patient) that corresponds to the utilized healthcare after consultation can be seen in Fig. 3 (in red). For comparison, Fig. 3 also show both the predicted cost if all patients would follow the nurse's recommendation (in blue) and the predicted cost if the patients would do as they intended prior to consultation (in black). The ratio of the predicted cost associated with the final action undertaken after consultation and the intended action prior to consultation is 0.97 (0.87, 1.06) per patient. The expected cost savings associated with telephone nursing is 3.3% compared to the intended action prior to consultation. If the patients would follow the nurse's recommendations in all cases the predicted cost ratio is 0.87 (0.71, 1.02) per patient, corresponding to an expected cost saving of 12.7% of all patients.
Discussion
Good statistical models that describe the effect of telephone nursing on healthcare utilization are essential in order to study its impact on healthcare resources and evaluate effects of future changes in telephone nursing procedures. The aim of this study was to model the effects of telephone nursing on patient behavior, healthcare utilization and infer potential cost savings. In this study we present a Bayesian ordinal regression model that captures the complex relationship between the nurse's recommendation, the patients' intended action prior to consultation and the patients' final action undertaken after receiving telephone nursing. We found no evidence to suggest any model deficiencies based on posterior predictive checks on standard discrepancy measures.
The main finding from this study is a model that predicts 76.4% of the patients' action undertaken after consultation. This number is based only on the most probable category predicted by the model, i.e. the model's "best guess", but it in addition to this it was shown that the model gives a valid probability description of all care levels after consultation.
Inference reveal that the effect of the nurse's recommendation is lower when the patient's intended action prior to consultation is the highest level of care. If the recommendation is the emergency department the effect of the recommendation is on average a factor of 7.09 times higher than the effect of the intended action prior to consultation. This can be compared to a recommendation of self-care which gives a factor of 0.58 and credibly zero according to the 95% interval.
We found that the final action was more uncertain when the patient's intended action is the highest level of care and the nurse's recommendation is otherwise. It is even plausible that the recommendation by the nurse has no effect on the final outcome when the patient's intended action is a visit to the emergency department. The results reveal a risk reducing tendency among the callers. Consistent with several theories of health behavior, a high perceived risk of harm will according to [25] encourage people to take action to reduce their risk. Perceptions of risk has been found to depend on several parameters such as age, sex and health status, and that some personality types overestimate the probability of disease and/or underestimate the effects of preventive actions such as selfcare [26] . This underlines the importance of administrating structured nursing with the specific aim of providing care-seekers with reassurance, as feeling reassured might reduce perceptions of risk. Reassurance has been found to be highly influential on patient satisfaction [11] , and persons satisfied with the nurse interaction has been found to be nearly four times more likely to report engaging in self-care activities [27] .
According to [28] a clinically significant reduction in workload could be achieved if all nurses reached a proportion of patients managed by self-care of at least 65%, assuming that referral to self-care was appropriate. A result in our study was that cost savings based only on the patient's first action undertaken after consultation is estimated to be 3.3% but could be up to almost four times higher if compliance to the nurse's recommendations was higher. It is plausible that compliance would increase if callers were satisfied and reassured to a higher extent. The cost analysis is far from comprehensive as it neglects other significant cost reduction aspects with telephone nursing, but shows the importance of further investments to strengthen the development of the nurseclient interaction.
In conclusion, the possibility to increase cost savings is a strong incentive to conduct further research aiming at improving persons trust in and tendency to follow the nurse's recommendations. It is likely that compliance would increase if care-seekers feel reassured and confident that following the recommendations will generate a successful outcome. This implies that the interpersonal relationship that the caller and nurse establish is highly important. To improve telephone nursing compliance, care-seekers need to feel confident that following the recommendations does not involve increased risks. More work is needed in order to further improve nurses ability to meet the needs of care-seekers.
Study limitations
The data on healthcare utilization was in this study collected through self-reporting. Social desirability bias has been found to result in higher levels of self-reported compliance to self-care advice compared to medical records [29] . This could imply a possible limitation as no comparison to medical records was performed. For reasons of confidentiality the researchers were not granted access to the medical records of the patients. To reduce social desirability bias, the questionnaire item regarding what action was taken was asked in a neutral manner, and this item was placed before the one asking what advice they had received from the nurse in the questionnaire.
No potential confounders were identified in our material, but it is plausible that psychological factors e.g. concern or anxiety has influenced intended actions prior to consultation. If the need of reassurance has not been adequately addressed through telephone nursing, this might have influenced the action undertaken after consultation. Psychological factors have not been analyzed due to the lack of this data in our material.
The estimated cost savings are restricted to the direct costs associated with the first action undertaken by the patient after consultation and do not include additional savings as a result of improved planning of healthcare resources, reduction of unscheduled visits and guidance to the correct level of care. For instance, even if a patient intended to practice self-care but was recommended a visit to the emergency department, a timely guidance to the correct level-of-care may result in a reduction of the total costs in the long run. To obtain a comprehensive analysis of the savings associated with SHD, aspects such as these must be included in the analysis.
The reported inference (e.g. the predictability, the specific effects of the explanatory variables, cost savings, etc.) are limited to the specific study setting and the telephone nursing procedure given by the SHD. Larger and more rigorous studies are needed to obtain evidence of effectiveness of telephone nursing nationally [30] . However, the proposed Bayesian ordinal regression model, the model selection and validation procedure, and the interpretation of the model parameters, threshold curves, derivatives and estimands are not limited to the study setting. The reported procedures are applicable in evaluating, analyzing and understanding the effects of on-call services on healthcare utilization and patient behaviors. The number of care levels can easily be adjusted and in the simplest setting of two levels the ordinal regression model is reduced to a logistic regression [13] .
With minor changes to SHD procedures, similar data could be retrieved directly from SHD logs in combination with patients' medical records. This means that the proposed model is applicable on a much larger scale, providing not only a national evaluation tool of the effect of SHD on healthcare utilization but also more inferential evidence in combination with additional explanatory variables that may influence outcome probabilities.
Clinical implications
What these findings mean in a clinical setting is that telephone nursing has a constricting effect on healthcare utilization, and that guidance to the correct level of care implies a potential to save costs. However, the compliance to nurse's recommendation is closely tied to perceptions of risk, and this emphasizes the importance to address caller's needs of reassurance. A trustful relationship between the caller and the nurse carries the potential to reassure and strengthen confidence in the nurse's recommendation. But for this to happen the organization of telephone nursing needs to allow the nurse to invest time and energy to establish a trustful relationship. It also implies that nurses must acknowledge that the need for nursing care might persist even when the need for medical care is absent or resolved.
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Summary points
What was already known on the topic:
• There is an increase in utilization of healthcare resources that cannot be described by population growth or decreasing health.
• There are indications that demand and expectations of welfare services increase with increasing gross domestic product and household income.
• On-call telephone nursing services is the first line of contact for many care-seekers and aims at optimizing the healthcare system by providing medical assessments, support and guidance to the correct level-ofcare over the phone.
What knowledge this study adds:
• A valid model that describes the effect of telephone nursing in relation to patients' intended actions prior to consultation.
• The model is an important tool in evaluating telephone nursing's effect on healthcare utilization as well as to evaluate the effects of future changes in telephone nursing services. Inference allows us to estimate different effects in detail, understand patient behavior and patient predictability, and to estimate potential cost savings per patient.
• Telephone nursing has a constricting effect on healthcare utilization but the compliance to nurse's recommendation is likely to be influenced by the patients' perceptions of risk. This emphasizes the importance of meeting caller's needs of reassurance.
